A B S T R A C T DEET (N, N-diethyl-m-toluamide) is one of the most frequently detected trace organic contaminants (TOrC) in wastewaters and is used primarily as an insect repellent. It was introduced for use in the general public in 1957. It is ubiquitously present in the environment and DEET concentrations are usually among the highest reported for TOrCs. Due to recent concerns about possible analytical interferences in detection methods being reported, this study focused on possible artifacts caused by seasonal, spatial, and diurnal variations in wastewater influent concentration of DEET. We also compared usage data to observed wastewater concentrations of seven wastewater treatment plants (WWTPs) in four different regions in the US monitored from November 2014 to November 2016. Consumption data obtained reveal patterns of consumption according to climatic regions and season. During the summer DEET usage accounts for almost 60% of all usage during a year, while during the winter months DEET usage accounts for < 5%. Concerning spatial distribution, while per capita consumption of DEET in Florida is three times higher than the one observed in Arizona (44 g vs 14 g), DEET concentrations in wastewater tend to be much higher in Arizona. Regardless of WWTPs or monitoring period, concentrations as high as 15,200 ng/L were observed during the month of October 2016. While DEET has a diurnal variation in the wastewater influent, with a maximum at 18:00, the diurnal variability is not enough to explain the great discrepancies between consumption of DEET versus occurrence in wastewaters. Although LC-MS/MS analysis of isobaric and structural mimics suggests some possibility of interferences, NMR spectroscopy analysis of environmental samples does not support the presence of such mimics in real samples.
Introduction
N, N-diethyl-m-toluamide (DEET, diethyltoluamide) is one of the most detected trace organic contaminants (TOrC) in environmental water samples Bussan et al., 2017; Kolpin et al., 2002; Loraine and Pettigrove, 2006) . DEET is primarily used an insect repellent and was developed by the US army in 1946 and made available to the general public in 1957 (Kitchen et al., 2009 ). Currently, DEET as the active ingredient for insect repellents can be found in many different formulations such as spray, liquid and lotion in concentrations as high as 100% or incorporated into consumer products like clothes (Pennetier et al., 2010) . In 1998 the United States Environmental Protection Agency (US EPA) estimated the annual usage of DEET to be 1810 tons (Chen et al., 2012) , and in 2013 there were 422 registration numbers held by 235 companies for 524 commercial names of DEETcontaining products (Merel and Snyder, 2016) .
The origin of DEET in the aquatic environment is complex and involves multiple pathways. One of the potential introduction pathways of DEET to the environment is during the manufacturing process with the discharge of contaminated process effluents into surface water streams, however, in the United States, this is highly unlikely due to strict regulations. Non-domestic use of DEET, as a pesticide in farming, can lead to contamination of groundwater and surface waters due to infiltration and runoff (Merel and Snyder, 2016) . Domestic use of DEET can be considered the primary route of introduction to the aquatic environment (Chen et al., 2012; Merel et al., 2015) . Showering, laundry and the disposal of unused products down the drain lead to the introduction of DEET to the sewer system and consequently to wastewater treatment plants (WWTPs). Additionally, during recreational water activities DEET can also be introduced to the aquatic environment (Merel and Snyder, 2016) . Due to a low average log k d of 1.91 (Hyland et al., 2012) the fraction of DEET retained in wastewater sludge, soils and landfills is minimal and DEET usually finds its way into the aquatic environment. Degradation in WWTP processes is highly variable and reported removal range from 10 to 90% (Bernhard et al., 2006; Tadkaew et al., 2011) .
The first reported detection of DEET in water samples was published in 1993 while studying municipal landfill leachate in Europe (Öman and Hynning, 1993) , in the same year another study reported the detection of DEET in the Mississippi river basin at concentrations as high as 200 ng/L (Pereira and Hostettler, 1993) . Since then concentrations reported for different water matrices are among the highest for TOrCs, with concentrations as high as 12,180 ng/L for wastewater influent and 24,000 ng/L for surface water samples being reported (Merel and Snyder, 2016) .
Seasonal and spatial variability in DEET concentrations is expected due to its primary use as an insect repellent during the summer periods or mosquito favorable weathers. Various studies have assessed the occurrence of DEET during periods of summer and winter in temperate regions, reporting lower concentrations during winter months Hope et al., 2012; Knepper, 2004; Loos et al., 2013; Sui et al., 2011; Yang et al., 2011) , however most of these studies are reliant on only a few sampling dates.
In recent years, the ubiquitous detection of DEET in the environment has raised some questions about the analytical methods used for TOrCs detection and the validity of the information gathered about DEET occurrence in the environment, with frequent detections in blanks samples and indication of possible interferences Ferguson et al., 2013; Merel et al., 2015; Nakada et al., 2007; Trenholm et al., 2008; Weigel et al., 2004) .
The present study was aimed to evaluate the seasonal and spatial variability of DEET in wastewaters by monitoring concentrations in wastewater influent and effluents of a total of seven WWTPs distributed in different regions of the United States. Quarterly sample collection was conducted over a period of two years, additionally daily variations in DEET concentrations were measured in selected WWTPs in six hour intervals. DEET usage patterns were obtained from sales data and consumer surveys. Near isobaric and structurally similar compounds were tested for potential interferences during analysis. Additionally, an isolation of process for nuclear magnetic resonance (NMR) confirmation of DEET in environmental extracts was also conducted. Lastly, to the authors' knowledge, this is the first reported study to systematically associate DEET wastewater occurrence patterns with related product sales information.
Experimental section

Chemicals
Methanol, acetonitrile and methyl tert-butyl ether (MTBE), formic acid and reagent water used for sample preparation and analysis were procured from Fisher Scientific (Pittsburgh, PA) and were of HPLC grade or higher. DEET standard, minimum 97% purity, was purchased from Sigma Aldrich (St. Louis, MO) and isotopically labeled DEET-d6 was procured from Cambridge Isotope Laboratories (Andover, MA). 2-Ethylmethcathinone, 2-Methylethcathinone, 3,4-Dimethylmethcathinone, 3-Ethylmethcathinone, 3-Methylethcathinone, 4-Methylethcathinone, D-Amphetamine, N,N-dimethylamphetamine and Pentedrone were procured from Cayman Chemicals (Ann Arbor, MI). 2,2,4′-Trimethylpropionanilide, 4-(1-Methylbutyl)-benzamide, 4-(Diethylamino)-2-methylbenzaldehyde, N,N-diethyl-3-phenyl-1-propanamine, Clopidol, Carbendazim, N-tert-butyl-4-methylbenzamide, N-(1-methyl-butyl)-benzamide, ascorbic acid and sodium azide were procured from Sigma Aldrich (St. Louis, MO).
Sample collection
Grab samples of wastewater influent and effluent were collected from seven WWTPs in different regions in the US: four sites in Arizona, one site in Florida, one site in Nevada and one located in Minnesota. Descriptions of sampling site locations can be found in Table 1 . Samples were collected in 1 L HDPE bottles containing 50 mg of ascorbic acid and 1 g of sodium azide to quench residual chlorine and prevent microbial activity, respectively. In addition, point-of-source sampling campaigns were conducted in May and August 2016 at sewer manholes close to hospitals and medical centers in Tucson, Arizona. Ten-liter aliquots for NMR studies were also collected in HDPE containers from a facility in Arizona. Samples were shipped to the laboratory overnight in coolers with icepacks and filtered through a 0.7 μm glass fiber filter (Whatman, England) upon arrival, samples were extracted within 28 days. Samples were collected every two months from November 2014 to November 2016. For three of the Arizona locations diurnal variations in DEET concentrations were measured with the collection of samples at 06:00, 12:00, 18:00 and 24:00 h starting in April 2015 in the same quarterly schedule. For other sampling events, grab samples were collected in the morning period in a 2-hour window period in the mornings (10:00-12:00) during weekdays (Monday to Wednesday).
Sample preparation and chromatography-mass spectrometry
Samples were spiked with an isotopically labeled DEET surrogate (200 ng/L) and extracted using an automated SPE system (AutoTrace, Dionex; Sunnyvale, CA) with 500 mg hydrophilic-lipophilic balance (HLB) cartridges (Waters Corporation; Milliford, MA). Cartridges were preconditioned with 5 mL of MTBE, followed by 5 mL of methanol and 5 mL of ultrapure water. Samples were then loaded at 15 mL/min onto the cartridges and subsequently rinsed with 5 mL of ultrapure water and dried under nitrogen flow for 60 min, samples were eluted with 5 mL of methanol followed by 5 mL of a 10/90 (v/v) methanol/MTBE mix. Eluted extracts were adjusted to a final volume of 1 mL by concentration with a gentle stream of nitrogen and analyzed by liquid chromatography-tandem mass spectrometry (LC-MS/MS). An Agilent 1290 LC (Palo Alto, CA) system was used, 5 μL of sample was injected and separation was conducted using an Agilent Poroshell EC-C18 (2.1 × 50 mm, 2.7 μm). Column temperature was maintained at 30°C throughout the analysis. Mobile phase comprising of water with 0.1% formic acid (A) and ACN with 0.1% formic acid (B) at 350 mL/min was used for separation. Mass spectrometry was performed using an Agilent 6460 (Palo Alto, CA) triple quadrupole mass spectrometer in multiple reaction monitoring (MRM) mode. Instrumental limit of detection (LOD), limit of quantification (LOQ), and method reporting limit (MRL) were determined to be 0.05 μg/L, 1 μg/L, and 2.5 ng/L, respectively. Samples were analyzed in batches of 12 samples each containing at least one field blank, a laboratory blank and sample matrix spike. Data obtained was analyzed by MassHunter software (Palo Alto, CA). Detailed instrumental parameters can be found in Tables S1-S4. Sample preparation procedures were based on those previously described by our group . Samples from first two monitoring campaigns were also analyzed using a gas chromatography-mass spectrometry (GC-MS) method based on a method developed in our group (Merel et al., 2015) .
Preparative liquid chromatography and NMR analysis
Ten-liters of wastewater influent were processed using multiple SPE cartridges and the same method as described for LC-MS/MS with and without the addition of isotopically labeled DEET. SPE eluates were combined and concentrated to a factor of 10,000×. Samples were fractionated using a Preparative LC with large volume fraction collector (Agilent 1260 Preparative LC) with an Agilent Prep C18 (21.2 mm × 150 mm; 5 μm) column. An isocratic separation with 60% methanol and 40% water (0.1% Formic Acid) as mobile phase at 15 mL/min and 500 μL injection volume was used for NMR sample concentration. NMR experiments were performed on a Bruker DRX-600 using a Bruker TXI 5 mm triple-resonance (HCN) 3-axis gradient probe.
1-H NMR data was recorded in CDCl 3 using TMS as reference.
Assessment of potential DEET mimics
For the analysis of potential interfering substances that could give rise to false-positive results or over-quantification of DEET in environmental samples, molecules with structural similarities or having near or identical masses were searched through the National Institute of Standards and Technology (NIST) database and the websites of chemical suppliers. Similar ionization and fragmentation patterns during analysis and commercial availability were also considered during the selection process. Selected chemicals were tested in identical conditions to those of environmental samples prepared for DEET analysis. In addition to the standard analytical column used during analysis (Agilent Poroshell EC120 C18, 2.1 × 50 mm, 2.7 μm), two different columns were also tested; ZORBAX Eclipse Plus C18 -rapid Resolution HD, 2.1x50mm 1.8 μm (similar chemistry with totally porous particles (TPP) versus superficially porous particles (SPP) in the conventional method column) and a chiral column Agilent Ultron ES-OVM chiral, 4.6x150mm.
DEET usage patterns
DEET usage patterns were obtained from a Residential Exposure Joint Venture (REJV) Consumer Survey from 2013 representing > 11,000 DEET applications a Nielsen Scan Data for 2009 representing markets of the four states monitored (AZ, FL, NM and MN) and sales data (Kg shipped/year) from 2016. REJV National Pesticide Use Survey (2012-2013) was implemented in response to an EPA Data Call-In (DCI), a 365-day (calendar-based) final survey, which has been reviewed and approved for use by EPA, consists of 4573 unique US households' 12 month diaries of residential pesticide use, information collected includes incidence of product use by categories, frequency of use, temporal cooccurrence of product use, and related demographic characteristics (Young et al., 2017) . Data collected in past surveys were used in different case studies, including the exposure assessment cumulative estimates of exposure of pyrethroid in children (Xue et al., 2014) . The information used was DEET usage per capita for the four states, applications of DEET per household for United Sated Department of Agriculture (USDA) defined climatic regions ( Fig. S1 ), distribution of applications by hour of the day and per month and DEET sales per capita. Application was considered as the distinct number of times an individual used a DEET containing product.
Results and discussion
Seasonal, spatial and diurnal variability in DEET usage
Monthly DEET usage for the entire US, as shown by fraction of applications per month in Fig. 1 , indicates a maximum usage of DEET during the summer months (June, July and August) accounting for 59% of all DEET applications, while applications during the winter months (December, January and February) accounted for < 5% of total use. Monthly application by climate regions (Fig. S2) showed two distinct patterns. In the Midwest, Northeast, Northern Plains and Pacific Northwest regions, DEET applications experienced a peak during the summer months, with July representing > 30% of all applications, summer months in total represent > 70% of all DEET applications in those regions. Meanwhile, DEET application in the Southeast, Southern Plains and Southwest regions are more evenly distributed throughout the year and summer months represent 48% of all DEET applications. However, applications during the winter months in these regions still do not represent > 5% of the yearly applications.
DEET usage by hour of the day (Fig. 2) have a bimodal pattern with two maximums, one in the morning period around 09:00 and a second one in the late afternoon with peak around 17:00. DEET use from noon to 20:00 accounts for 72% of all daily applications, while the morning period from 04:00 to noon represents approximately 25% of all DEET use throughout the day. Estimated use of DEET in ounces per Capita per year in the four U.S.A. states with WWTPs monitored varies greatly (2.27-43.9 g), with 14.7 g for Arizona (average annual temperature 15.7°C, average annual rainfall 345 mm), 43.9 g for Florida (average annual temperature 21.5°C, average annual rainfall 1384 mm), 28.9 g for Minnesota (average annual temperature 5.1°C, average annual rainfall 693 mm) and 2.27 g for Nevada (average annual temperature 9.9°C, average annual rainfall 241 mm) Fig. S3 . Mean DEET applications per household by climatic regions when compared to US average shows that people in the Southwest, Northern Plains and Pacific Northwest regions apply less than half of the national average, while people in the Southern Plains apply as much as twice the national average (Fig. S4 ). Sales data by geographic region is closely related to household application patterns, with higher application and sale of DEET in the Southern Plains and Southeast and lowest found in the Southwest and Pacific Northwest (Fig. S5 ). Overall DEET usage by US regions follows an expected pattern according to average temperatures and rainfall, with higher use in warmer months and with greater rainfall.
Spatial variability of DEET occurrence
DEET concentrations in wastewater influent and effluent for seven different WWTPs in four different US states and three different climatic regions (Midwest, Southeast and Southwest) for seven different sampling events from November 2014 to October 2016 were measured. For the first two events in November 2014 and February 2015 both LC-MS/ MS and GC-MS analysis of samples were conducted. Fig. 3 shows that both data sets show have comparability suggesting that any possible interferences are not exclusive of a specific analysis method, similar observations were made previously (Merel et al., 2015) . In agreement with the DEET usage information, occurrence data for Nevada WWTP showed the lowest overall concentration in wastewater influent samples, with a maximum observed concentration of 780 ng/L during the July 2015 sampling event (Fig. S6) . Contrary to the high per capita usage of DEET, occurrence data for sampling events in Florida (Southeast Region) had concentrations comparable to those observed in Nevada (Southwest Region) ( Fig. S7 ). Maximum concentration for Florida were observed in February 2015 with concentrations of 670 ng/ L. Minnesota (Midwest Region) sampling events showed concentrations of DEET as high as 5890 ng/L in the sampling event of July 2015. Most strikingly, DEET concentrations for Arizona (sampled in 4 different WWTPs) had the overall highest concentrations with a peak in October 2016 of 15,200 ng/L in one of the locations, while the lowest influent concentration observed for Arizona was 1570 ng/L in January 2016. Despite also being in the Southwest region, and with similar weather conditions, DEET occurrence in Arizona is much higher than in Nevada. Usage information reveals that Arizona residents use 6.25× more DEET per capita then Nevada residents. However, DEET occurrence in Arizona can be > 100× higher than those observed in Nevada for the same sampling event. Such concentrations are among the highest observed to date in the literature for wastewater (Merel and Snyder, 2016) . While DEET usage in Florida is > 3× higher than what is observed in Arizona, influent occurrence data does not correlate with the usage patterns. In Nevada, where DEET consumption is almost 20× lower than Florida, occurrence data shows similar concentrations for wastewater influent samples. While the application of DEET often occurs in outdoor environments, showering, laundry and the disposal of unused products down the drain lead to the introduction of DEET to the sewer system and consequently to wastewater treatment plants (WWTPs). Other routes of introduction were previously review and considered not significant to wastewater occurrence (Merel and Snyder, 2016) .
Seasonal variability of DEET occurrence
Not only spatial variability of DEET occurrence can be significant as mentioned previously, seasonal variability in DEET use can also affect concentrations observed in the environment. Contrary to other emerging contaminants commonly monitored in wastewater and of continuous usage pattern, such as pharmaceuticals and household chemicals, DEET use is expected to be concentrated during summer months from June to August in the northern hemisphere and have a distinct seasonal pattern.
Overall, during sampling campaigns in the colder months (November/December 2014, February 2015 and January 2016) lower concentrations of DEET compared to other months were observed ( Figs. 3 and S7 ). During the winter period, applications of DEET are generally considered low and account for < 5% of all applications throughout the year. However, while for Nevada, Florida and Minnesota concentrations of DEET were generally below 150 ng/L, concentrations in Arizona could still be as high as 3460 ng/L, once again showing a distinct pattern in DEET occurrence not correlating with DEET usage patterns. With increased usage of DEET during the summer months, concentrations in wastewater influents can significantly increase in some of the monitored locations. For Minnesota, concentrations of DEET as high as 5890 ng/L were observed (Fig. S8) . It is noteworthy that this location had also higher DEET concentrations in the M. Marques dos Santos, et al. Environment International 132 (2019) 105038 wastewater effluent with little to no removal (particularly in colder periods), while other locations observed higher removal rates of DEET. Removal rates were shown to be highly variable according to treatment processes and environmental conditions (Bernhard et al., 2006; Nakada et al., 2007; Tadkaew et al., 2011) . During summer months for the sampling locations in Nevada, Florida and Arizona, DEET concentrations did not increase as much as those observed for Minnesota. DEET concentrations observed for Nevada and Florida stayed relatively constant throughout the entire study, not surpassing 800 ng/L in any event monitored. During both fall campaigns in Arizona (October 2015 and 2016) some of the highest DEET concentrations were observed, with the event on 2016 having concentrations above 4000 ng/L in all locations monitored in the state, Fig. 4 .
Diurnal variability in DEET occurrence
Some of these discrepancies between usage and occurrence data have raised some questions about possible analytical interferences in the measurement of DEET (Merel et al., 2015) . While considerations about the seasonality of DEET usage have been previously made and observed, another important factor to be considered is the diurnal variability in DEET occurrence. Application data show two peaks in the use of DEET one in early in the morning period and another one at the end of the afternoon-early night (17:00-19:00), this could be responsible for some of the differences reported in previous studies. Fig. 5 shows DEET concentrations in wastewater influent for two of the Arizona WWTPs monitored during 4 different time periods (06:00, 12:00, 18:00, and 00:00) and for different seasons. Independent of season, highest concentrations of DEET are usually observed at 18:00, with concentrations increasing up to 6× during the day. Despite being significant this difference alone would not explain the differences observed in the spatial distribution if the diurnal variability was extrapolated to the other monitored locations. Due to the limited resolution and not considering the hydraulic factors in the collections system during influent and effluent sampling in Arizona, a diurnal pattern for DEET applications was not observed in the DEET occurrence values. 
Point-of-source analysis
With DEET concentrations being greatly higher in areas and period with low expected use other sources and routes of DEET in the environment must be considered for a comprehensive analysis of the environmental fate of DEET and sometimes striking differences between usage and wastewater influent occurrence. For a point-of-source analysis in Tucson-AZ, one of the analyzed sites with the highest observed concentrations and at the same time lowest applications per household compared with the U.S.A. national average, ten locations with samples from hospitals and medical centers as well as residential areas were studied. While hospital and medical centers areas had observed concentrations below 200 ng/L, residential areas had concentration more similar to those found at the city WWTPs, Fig. S9 . Comparisons of concentrations (ng/L) and mass loading (g/day) at all sampling points suggests the similar patterns among locations and corresponding usage data differences (Fig. 4) . For samples from Minnesota location the influent compositions can be separated in two almost equally contributing streams: one of mainly industrial origin and a second one influenced primarily from residential and service sector. Similar to Arizona site the major contribution of DEET for WWTPs influent comes from residential and service-oriented areas (Fig. S10 ), corresponding to < 10% of the total daily mass load. Although different sources and routes of DEET in the environment like landfill leachates and sludge application in agricultural soil can contribute to the DEET cycle in the environment (Clarke et al., 2015) , for the two source appointment attempts shown here, the major contributing source appears to be household usage.
Potential DEET mimics interference in LC-MS analysis
A total of 26 possible candidates was initially selected (Table S5) , 17 possible mimics were commercially available and selected for testing, two potential mimics that were also available had been previously tested as possible interferences and were not included in this study (Merel et al., 2015) , out of the remaining structures many were amphetamines or amphetamines metabolites. Using the standard method and column for quantification, only one of the potential mimics coeluted with DEET during analysis, N-(1-methyl-butyl)-benzamide, a second candidate, N-tert-butyl-4-methyl-benzamide, was not baseline resolved with the peak corresponding to DEET (Fig. 6 ). While the first does not share the same MS/MS transitions monitored for DEET quantitation, N-tert-butyl-4-methyl-benzamide do share a qualifying MS/MS transition with DEET. Although MS/MS transition ratios are different and would generally fall within software warning ranges this could act as a possible interference during analysis. Using the TPP column two out of the mimic structures had co-eluting retention times, 2,2,4′-Trimethylpropionanilide with no shared MS/MS transitions, and again, N-tert-butyl-4-methyl-benzamide. No compounds were found to co-elute with DEET using the chiral column. Figs. S11 and S12 show chromatograms for separations using TPP and chiral column, respectively. Although using one of the columns a potential isobaric mimic was found to co-elute with DEET, in equimolar concentrations, this interference would affect the measured concentration of DEET by < 10%, due to different ionization patterns (Fig. S13) .
Isolation and analysis of DEET using NRM spectroscopy
Chromatography coupled to mass-spectrometry (either gas chromatography or liquid chromatography) can be considered technique of choice for the analysis of trace organic contaminants (TOrC) in environmental samples (Richardson and Ternes, 2018) . Other analytical techniques such as NMR spectroscopy, have found little space in the environmental analytical chemistry field, despite being extremely valuable in cases were identity confirmation is necessary, the low detection limits and sample purity are usually limiting factors for NMR spectroscopy application (Hernández et al., 2019) . Since possible analytical interferences have been previously reported in the analysis of M. Marques dos Santos, et al. Environment International 132 (2019) 105038 DEET by chromatography coupled to mass-spectrometry (Ferguson et al., 2013; Merel et al., 2015; Merel and Snyder, 2016; Weigel et al., 2004) , a 10 L wastewater influent sample from Agua Nueva WWTP (Tucson, Arizona) was processed using SPE and preparative reversedphase chromatography for NMR analysis. While spectra collected for raw wastewater influent and wastewater influent SPE processed extracts experienced high background peaks and DEET shifts could not be clearly identified (Fig. S14) , after further purification with reversed phase chromatography (Fig. S15) . The fraction corresponding to DEET peak in standard analysis and fractions before and subsequently after standard elution were also separated collected for NMR analysis. For wastewater fraction putatively determined to be DEET containing fraction chemical shifts corresponding to DEET chemical structure can be clearly assigned (Fig. 7) , presence of background peaks in the purified sample fraction assigned to DEET illustrates the highly complex nature of environmental samples. Complexity is exemplified by peaks downfield and upfield of peaks J and K attributed to methyl groups attached to double or triple bonds and protons attached to saturated cyclic rings respectively, and by a peak downfield of peak E attributed to ether groups (ROCH 2 R). Analysis of adjacent fractions shows a lack of structures similar to DEET or of the potential mimics considered in this study (Fig. S16 ). While NMR spectroscopy analysis was able to confirm presence of DEET the wastewater sample and absence of structurally similar co-eluting molecules, supports chromatographymass spectrometry data, this approach is still not suitable for routine analysis.
Occurrence of DEET in wastewaters vs. DEET usage
While many attempts to correlate occurrence of TOrCs in wastewaters with usage/consumption of chemicals (Ort et al., 2014; Rousis et al., 2017; Zuccato et al., 2008) occurrence of DEET in wastewater versus usage show some clear discrepancies. Concentration data shown in this study reveals that for the specific case of DEET spatial and seasonal patterns observed in DEET application/usage do not correlate with occurrence information, sometimes even being contradictory. Reasons for these discrepancies are still not fully understood and might be behind some of the concerns found in the literature regarding analytical methodologies and frequent detections of DEET in blank samples (Ferguson et al., 2013; Kolpin et al., 2002; Merel et al., 2015; Merel and Snyder, 2016; Weigel et al., 2004) . The case of DEET occurrence highlights that, although of great and rising interest, the use of wastewater occurrence data in wastewater-based epidemiology studies still requires thoughtful consideration and analysis (Choi et al., 2018) .
Conclusions
Recent developments in scientific instrumentation, especially those involving chromatographic and mass spectrometry techniques have significantly increased the universe of chemicals detected in aqueous matrices such as wastewater and surface waters with DEET being one of the chemicals ubiquitously detected. Spatial and seasonal concentrations of DEET occurring in wastewater influent can vary greatly, and it is not always correlated to expected patterns of usage. Even if the diurnal variability could interfere with reported concentrations depending on the time of sampling, it does not account for the greater mismatch between DEET applications and observed wastewater concentrations. In areas belonging to the same climatic regions (US Southwest), Arizona and Nevada as examples, per capita consumption varies from 14.17 to 2.27 g (6.25× higher in Arizona) while concentrations observed in WWTPs in Arizona can be 100× higher than those observed in Nevada (as high as 15,200 ng/L). Seasonal patterns were also not observed for most of the locations monitored in Arizona, Nevada and Florida, the exception being Minnesota showing a clear increase during summer months similar to the increase in applications observed in consumption data. Analysis of 17 potential isobaric or structural mimics shows that only one of those compounds, N-tertbutyl-4-methyl-benzamide, could possibly interfere with DEET determination using LC-MS/MS, however rigorous quality assurance and quality control (QA/QC) procedures should be enough to avoid significant interferences. Furthermore, NMR spectroscopy analysis of environmental samples does not suggest the presence of such mimics in real samples.
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